ABSTRACT. The area of Chroberz (southern Poland) poses questions of an interdisciplinary character comprising geomorphologic, sedimentation, and archaeological-historical problems. The main aim of this study was to identify the geomorphologic response to changes in the natural environment that took place in the area of the loess plateau (and its close vicinity) as a result of its settlement by man and of climate change. Periods of particularly intense human activity (land-use changes, deforestation, and agriculture) were recorded as changes in the type of sedimentation, i.e. organic sedimentation substituted for mineral one; it was extremely intensive during the Neolithic Age, Iron Age, and Early Middle Ages. The conducted fieldwork research, analysis of available archaeological materials, and radiocarbon dating results show that there is a direct connection between human economic activity in primeval and historic times and between soil erosion and accumulation of colluvial/alluvial fans in the surroundings of the locality of Chroberz. 14 C dates documenting the age of colluvial sediment formation show that individual areas of the upland were settled by humans asynchronously. On the basis of a low facial variability, or, occasionally, even homogeneity, of individual colluvia (from soil erosion) and their considerable thickness, it can be concluded that the land was in constant use or that the intervals with no human activity were relatively short. The progressing human impact process is visible both in the form progradation recorded as the changes in 14 C ages (e.g. from 1440 ± 100 to 780 ± 80 BP) and in textural (e.g. chemical) features of sediments of which the examined fans are composed.
INTRODUCTION
The Holocene, and in particular its younger periods (i.e. Subboreal and Subatlantic), distinguishes itself from other periods in Earth's history by the economic activity of the man. Man's activity in the natural environment became a new, exceptional morphogenetic factor whose force affecting both the animate and inanimate nature is dependent upon the level of development and type of dominating economy. A widely conceived pressure caused by human activity interferes with natural transformations (e.g. climatic ones), and therefore the data complex indicating the existence in the natural environment of these 2 groups of factors has a hybrid character and it is difficult to separate them from each other. The existence of these interrelations can be deduced from the outcome of numerous studies based both on an analysis of direct measurements (the last 200-300 yr) and on indirect analyses based on a signal recorded, for instance, in lake and deep-sea sediments, corals, calcareous tufa, or ice cores, projecting changes taking place in the entire Quaternary or solely Late Glacial and Holocene periods (e.g. Boryczka 1993; Ralska-Jasiewiczowa 1993; Starkel 1999 Starkel , 2001 Starkel , 2005b Alley 2000; Wagner and Melles 2002; Gerdes et al. 2003; Zolitschka et al. 2003; Vlag et al. 2004 ).
The loessic plateaus of southern Poland are among the territories very intensely colonized since the Neolith and have been used almost constantly ever since. Due to the long-term presence in those areas of farmers and breeders (with metallurgic cultures and their industrial activity added at a later time) together with a complex of natural and anthropogenic changes in the sediments and landforms, these areas have been of significant interest for archaeological and geomorphologic studies (Dπbrowska 1965; ånieszko 1985 , 1995 Cabaj and Nowak 1986; Maruszczak 1986; Aleksandrowicz 1987; Jersak and ånieszko 1987; Kruk 1987; ånieszko and Grygierczyk 1991; Kruk et al. 1996; Kalicki 1997 Kalicki , 2000 Tunia 1997; Andrzejewski et al. 1998; Kulczycka-Leciejewiczowa 2002; Klimek 2002; Klimek et al. 2003; Zg≥obicki et al. 2003; Ba≥aga and Taras 2005; £anczont and Wojtanowicz 2005; Nogaj-Chachaj et al. 2005; Starkel 2005a; Schmitt et al. 2006 , KaliÒska 2006 Zoll-Adamikowa et al. 2007 ).
Interdisciplinary research of loessic fluvial and slope environments indicates the existence of an elementary relationship between economic activity in the past and the typological diversity of the landforms and sediments that fill valley bottoms-both dry and permanently drained (ånieszko 1985 , 1995 Maruszczak 1986; Jersak and ånieszko 1987; Kalicki 1997 Kalicki , 2000 ånieszko and Grygierczyk 1991; Klimek 2002; Schmitt et al. 2003 , Zg≥obicki et al. 2003 Nalepka 2005; KaliÒska 2006) . Changes in the texture, structure, and geochemistry of the sediments from which accumulation forms are made correlate with former intensity of human activity such as farming or deforestation. The palynological, geomorphologic, and geochemical data represent the record of human impact due to primitive Neolithic farming or breeding, Bronze and Iron Age metallurgy, and 19-20th century industrialization (e.g. Schmitt et al. 2003 Schmitt et al. , 2006 Nalepka 2005; Smolska 2007; Zg≥obicki and Rodzik 2007; Dotterweich 2008 ).
This study was conducted with a view to identify the geomorphologic response to changes in the natural environment that took place in the area of the loess plateau (and its close vicinity) as a result of its settlement by man and of climate change.
RESEARCH AREA
The loess plateaus of the Wodzis≥aw Hummock (Kondracki 2001; see Figures 1 and 2) and also those of the surrounding areas (Miechów Upland and Proszowice Plateau) belong to areas that were systematically settled from ancient times. Archaeological as well as geological-geomorphological (or malacological) studies indicate that a considerable part of the area must have been deforested as early as the Neolithic period (ånieszko 1985 , 1995 Aleksandrowicz 1987; Kruk 1987 Kruk , 1997 Jersak and ånieszko 1987; ånieszko and Grygierczyk 1991; Kruk et al. 1996; Kulczycka-Leciejewiczowa 2002) . This is indicated by the ample inventory of archaeological sites (Project of Archaeological Picture of Poland with special archaeological site record cards, sheets 94-62 and 95-62; DobrzaÒska 1987; Rydzewski 1987) and by humus horizons of buried soils found here (see Figure 3) . Another proof of an early colonization of this area is the significant thickness of colluvial and proluvial (alluvial) deposits found at the slope feet, at the outlets of dry valleys, and those that were occasionally or systematically drained. Those sediments (covering peat and organic silt) rhythmically layered in numerous sites indicate periodical changes in preferences of using specific parts of the catchment area, and changes in climate (e.g. ånieszko and Grygierczyk 1991; ånieszko 1995; Michno 2004) . Fertile soils found in these areas were extremely attractive for emerging agricultural cultures. Archaeological research indicates that the first farmers and breeders (the engraved ribbon ceramics culture) may have arrived in this region as early as 7000 yr ago and probably since then these areas have been nearly constantly used by man. The archaeologically documented presence of man in this region should be related to the Neolithic cultures Funnel Beaker and Globular Amphora, the Lusatian culture from the Bronze Age, and the Przeworsk culture from the Iron Age. Human settlement started in the early medieval period and since then has been stable up to now (Project of Archaeological Picture of Poland with special archaeological site record cards, sheets 94-62 and 95-62; Dπbrowska 1965; Tunia 1997) .
Wodzis≥aw Hummock loesses were accumulated in the Late Pleistocene, most frequently directly on Cretaceous marl (or its weathering products), on top of southern Poland glaciation boulder-clay residue, or on fluvioperiglacial sediments (£yczewska 1972; Cabaj and Nowak 1986; Rutkowski 1986; Tsermegas et al. 2000) . Climate changes and progressive human impact (anthropopression, i.e. human-related disturbances) on loess uplands resulted in the formation and facial differentiation of sediments accumulated at the slope foot and those filling valley bottoms (e.g. ånieszko 1985 , 1995 Maruszczak 1986; ånieszko and Grygierczyk 1991; Aleksandrowicz 1997; Kalicki 1997 Kalicki , 2000 Klimek 2002; Klimek et al. 2003; Zg≥obicki et al. 2003; Michno 2004) . 
MATERIALS AND METHODS
Research in the area of Chroberz has an interdisciplinary character and comprises geomorphologic, sedimentation, and archaeological-historical problems. Research was especially intense in the years 1999-2006. Preliminary results have recently been published in Polish (Szwarczewski 2007) . Field investigations included geomorphologic mapping and drilling. Slope foot and alluvial fan areas were identified by a dense network of probes and drillings. In total, 17 probing augers were made, ranging from 2 to 12 m of depth, from which over 300 samples of deposits were extracted for various analyses (e.g. grain size, chemical). The age of organic sediments found below colluvia and alluvia (linked to soil erosion), determined by the radiocarbon method, enabled the determination of primeval and historic soil erosion and the rate of progradation of alluvial fans.
Samples were taken by means of Eijkelkamp samplers (hand and percussion drilling sets). Conventional 14 C dating was carried out in the Kiev Radiocarbon Laboratory. Peat and soil organic matter were dated there (the results are presented in Table 1 ). Dates were calibrated using OxCal v 3.9 software (confidence level 2 σ; Bronk Ramsey 1995 Ramsey , 2001 ) and the IntCal04 atmospheric data (Reimer et al. 2004 ). 14 C dating results on the main elements of surface relief are presented in Figures 4 and 5. Archaeological data available for this region have been analyzed (e.g. Tunia 1997). The samples used for geochemical analyses were dried at 105 °C and then sieved with the use of a 0.063-mm nylon sieve. A mixture of HF and HNO 3 concentrated acids was used for the extraction in a microwave digestive system. Concentrations of trace elements (Cd, Cu, Pb, and Zn) in the sediments were determined by AAS methods.
RESULTS AND DISCUSSION
The area at the edge of the Wodzis≥aw Hummock is thickly cut with a system of dry valleys and gullies (see Figures 1 and 4) . Dry valleys were formed in periglacial conditions of the last glaciation and their bottoms are filled with colluvia from soil erosion, which are locally more than 3-5 m thick. In the bottom section, there are mineral sediments, usually of low thickness (~0.5 m), their granulometrical composition being similar to that of loess, sometimes with streaks of iron and manganese oxide and hydroxide precipitations. They were accumulated on (likely, fluvioperiglacial) sands, clay residue, or weathered parts of Cretaceous marl, most probably as late as in the Late Glacial period and simultaneously or just following completion of loess accumulation process. These sediments cover the Holocene colluvia, occasionally separated by buried soils; they are distinguished by the presence of humus, dispersed or accumulated in situ. The sediments accumulated in the Holocene have much greater thicknesses and they were predominantly formed as a result of primeval or historical soil erosion. They were formed in many ways: some are rhythmically layered, and they may be composed of recurrent mineral and mineral-organic levels of considerable thickness (0.5-0.6 m), or they represent nearly homogenous mineral-organic level reaching 1-2 m in thickness and more. Colluvia from the erosion of loess upland slopes coming down to the bottom of the Nida River accumulated on peat or boggy soil, and due to this, it is possible to determine the beginning date of their accumulation (by 14 C dating the shift in sedimentation type).
At the outlet of an eroded form coming down the Wodzis≥aw Hummock to the Nida River valley, alluvial (alluvial-colluvial) fans were formed. Two of them are situated near each other and the area of each exceeds 1 km 2 . The first one (the northern one, M≥odzawski), located near M≥odzawy, formed at the outlet of a dry, large, flat-bottomed valley. The other (the southern one, Mozgawski), situated near the village of Mozgawa, is connected with Nida's small tributary, the Mozgawka (Figures 1 and 4) . The volume of the building material of the alluvial fans is many times smaller than the size of the eroded forms, which leads to the conclusion that the valleys are older (from the Pleistocene, with foundations from the early Neogene) than the fans. Probably, at their initial formation stages part of the material may have been transported directly to the Nida River bed. In a later period (late Holocene), the tiniest fractions may have been transported in suspended matter at considerable distances and may have accumulated away from the fan. From the conducted fieldwork research, an analysis of available archaeological materials (Project of Archaeological Picture of Poland with special archaeological site record cards, sheets 94-62 and 95-62; Tunia 1997) and 14 C dates, it appears that there is a direct connection between human economic activity in primeval and historic times and between soil erosion and accumulation of colluvial/alluvial fans in the surroundings of Chroberz. 14 C dates that document the age of colluvial sediment formation show that individual parts of the upland were settled by humans asynchronously (see Figures  4 and 5) . On the basis of low facial variability, or occasionally even homogeneity, of individual colluvia series and their considerable thickness, it can be concluded that the land was in constant use or at least that the intervals with no human activity were relatively short.
The oldest colluvia dated (5890 ± 100 BP) were determined in the southern part of the research area and are most probably related to agricultural activity of the Neolithic culture of engraved ribbon ceramics (see Figures 4 and 5 ). There are 2 sites belonging to that culture recognized in the Project of Archaeological Picture of Poland with special archaeological site record cards, sheet 94-62. Slightly younger colluvia are connected with agricultural activity of the population of the funnel beaker culture (12 archaeological sites), widespread on loess areas. Their age was defined by the 14 C method and they were found to be coming from 4420 ± 100 BP (Figure 4 and 5). Primeval soil erosion on slopes, besides the change in the use of land, was enhanced by a slightly more humid climate prevailing in those times (Starkel 1999; Barber and Charman 2005) .
In the Roman period (the Iron Age), the research area was occupied by the Przeworsk culture population (14 archaeological sites, Project of Archaeological Picture of Poland with special archaeological site record cards, sheets 94-62 and 95-62; DobrzaÒska 1997) . A considerable part of the areas situated both on the loess upland and in the drier places of the valley bottom is under agricultural use. Most probably, it is then that the "Mozgawski" fan situated in the southern part began to form. The progrades towards the east and its development is documented by 14 C dates: 2150 ± 120 BP (in the proximal part) and 1780 ± 90 BP (in the distal part). The initial development phase and further progradation of the fan were preceded by the filling of the upper and central sections of the bottom of the Mozgawka River valley with colluvia and alluvia. Drillings performed at the bottom of the Mozgawka Valley and the analysis of ordinates of facial changes indicate that still in the Late and Middle Holocene the surface water efflux along the Mozgawka River valley to the Nida River was hindered or even impossible.
In the Early Medieval period, Slavic people settled in the surroundings of Chroberz. The settlement network then stabilizes-sites such as Stradów, Wiú lica, and Chroberz are formed (Dπbrowska 1965; Tyniec-KepiÒska 1997; Zoll-Adamikowa et al. 2007 ). The population increased and so did the area of agriculturally cultivated soil. There have been recorded 26 early medieval sites and 26 medieval sites in this area (Project of Archaeological Picture of Poland with special archaeological site record cards, sheet 94-62). An alluvial fan, the M≥odzawski one, begins to form as a result of intensified soil erosion, which occurs in connection with the change in land use. This phenomenon, just as in the case of the southern fan, is preceded by the filling of a dry valley bottom with colluvia/alluvia. This valley-filling process starts about 1440 ± 100 BP (see Figures 4 and 5) and, besides increasingly marked human impact, it may be also related to a more humid climate phase. From 1050 ± 80 BP, the proper fan formation takes place (Figure 6 ). The progradation process progresses very fast. At about 780 ± 80 BP, the fan occupied the area similar to its contemporary size and only the thickness of its sedimentation layers changed. Currently, its thickness is quite significant and amounts to 2-3 m (in the proximal area) and up to 0.5-1 m (in the distal area).
The progressing human impact process can also be seen in geochemical features of sediments forming the fans referred above. A pilot study conducted on samples collected from drillings at the north-ern fan outlet shows that there were a number of periods in which the accumulated sediments were enriched in such heavy metals such as Cd, Cu, Pb, and Zn (see Figure 7) . The oldest of them should be related to natural processes, i.e. the Late Glacial-Holocene transition-a period of intensified erosion and hypergenesis (the peat in the floor part was dated back to 11050 ± 200 BP). Successive peaks documenting enrichment in trace elements found at depths of 1-3 m, are most probably connected with metallurgy from the Bronze Age and Iron Age (Roman period). There is no 14 C dating for this part of the profile (borehole), but it can be correlated with the above-mentioned archaeological periods on the assumption that the rate of sedimentation was relatively constant, and taking into account the documented metallurgic activity of the man. The increased levels of heavy metals in the surface layers are connected with the colluvial/alluvial sediments (which started in 1050 ± 80 BP) and are an effect of historic and contemporary human impact (anthropopression)-particularly intense since the Industrial Revolution and after the Second World War.
CONCLUSIONS
A cause-and-effect relationship was determined between human economic activity, the formation of gullies (valleys) or fans, and the sediment types accumulated in the contact area between the Wodzis≥aw Hummock loess upland and the valley of the Nida River. Periods of particularly intense Figure 6 A wide dry valley in the vicinity of M≥odzawy Figure 7 Zn, Pb, Cu, and Cd contents in the samples taken from the borehole in the northern fan outlet (see Figure 4) human activity are recorded as changes in the type of sedimentation (organic sedimentation was substituted for mineral sedimentation), and their age very well correlates with available archaeological data (the Neolithic, Iron Age, and Early Middle Ages) as well as with geochemical features.
